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Abstract This study systematically evaluated the application effects of Alternate Wetting and Drying (AWD) irrigation technology
in rice cultivation, with a focus on its role in improving water use efficiency, maintaining yield stability, enhancing grain quality, and
reducing environmental impacts. Field experiments were conducted in two representative rice-growing regions in China-Xinghua in
Jiangsu Province and Guanghan in Sichuan Province-to compare the performance of AWD and conventional continuous flooding
under varying ecological and agronomic conditions. The results showed that AWD significantly reduced irrigation water
consumption while maintaining or slightly increasing yield, and effectively mitigated greenhouse gas emissions, demonstrating a
strong synergy between water saving and emission reduction. By integrating agronomic performance with ecological benefits, this
study clarified the practical value and strategic significance of AWD technology in building a climate-resilient and resource-efficient
rice production system. The findings aim to provide theoretical guidance and technical support for advancing sustainable and
efficient rice farming, and promoting the development of water-saving agriculture.

Keywords Rice cultivation; Alternate wetting and drying (AWD); Water use efficiency; Greenhouse gas mitigation; Sustainable
agriculture

1 Introduction

Rice cultivation is a critical agricultural activity, providing a staple food source for over half of the global
population. However, traditional irrigation practices in rice farming, such as continuous flooding (CF), pose
significant challenges, particularly concerning water use efficiency and environmental sustainability. Rice fields
are among the largest consumers of freshwater resources and are significant contributors to greenhouse gas
emissions, particularly methane (CH4) and nitrous oxide (N20) (Carrijo et al., 2017; Sriphirom et al., 2019; Gao et
al., 2024). These challenges necessitate the exploration of alternative irrigation methods that can conserve water
and reduce emissions without compromising rice yields.

Alternate Wetting and Drying (AWD) irrigation has emerged as a promising water-saving technique in rice
cultivation. This method involves periodic drying of the rice fields, allowing the water level to drop below the soil
surface before re-irrigation. The theoretical basis of AWD is rooted in its potential to enhance water use efficiency
and reduce methane emissions by introducing aerobic soil conditions intermittently during the growing season
(Carrijo et al., 2017; Song et al., 2019; Zhang et al., 2023). Over the years, AWD has evolved with varying
thresholds and management practices to optimize its benefits, such as maintaining soil water potential above
certain levels to prevent yield loss (Zhao et al., 2024).

This study will evaluate the effectiveness of AWD irrigation in specific regions, focusing on its impact on water
use, rice yield, and greenhouse gas emissions, and gain insight into the feasibility and benefits of adopting AWD
as a standard practice for rice cultivation, thereby providing a reference for policies and practices in similar
agricultural settings.

254


mailto:haiying.huang@hitar.org?subject=haiying.huang@hitar.org
https://doi.org/10.5376/rgg.2025.16.0022
https://doi.org/10.5376/rgg.2025.16.0022

| Q‘)‘;
\\ // Rice Genomics and Genetics 2025, Vol.16, No.5, 254-259
CropSci Publisher http://cropscipublisher.com/index.php/rgg

2 AWD Irrigation Technology: Principles and Implementation

2.1 Definition and water depth control methods

Alternate Wetting and Drying (AWD) is an irrigation practice designed to reduce water usage in rice cultivation by
allowing the soil to dry out to a certain extent before re-irrigation. This method contrasts with continuous flooding,
where fields are kept submerged throughout the growing season. AWD involves monitoring the water depth and
allowing it to drop below the soil surface to a predetermined level before reapplying water. The water depth
control is crucial, as it determines the frequency and amount of irrigation needed. For instance, in some studies,
water levels are allowed to drop 10, 20, or 30 cm below the ground before re-irrigation. The optimal water
potential for AWD is often maintained at pressures greater than -15 kPa, with water depths less than 18.5 cm
during the rice growing season (Figure 1) (Zhang et al., 2023).
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Figure 1 Alternate wetting and drying irrigation (AWD) (Adopted from Zhang et al., 2023)

2.2 Implementation requirements and field infrastructure

Implementing AWD requires specific field infrastructure and management practices. Fields must be equipped with
tools to measure water depth accurately, such as field water tubes or simple observation wells. These tools help
farmers determine when to irrigate based on the water level. Additionally, the field must be leveled properly to
ensure uniform water distribution and prevent waterlogging in certain areas. The infrastructure should also support
efficient water delivery and drainage systems to facilitate the alternate wetting and drying cycles (Gilardi et al.,
2023; Wijesundara, 2024). In regions with shallow aquifers, the interaction between irrigation and groundwater
recharge must be considered to maintain overall irrigation efficiency (Gilardi et al., 2023).

2.3 Irrigation scheduling across rice growth stages

AWD irrigation scheduling is tailored to the different growth stages of rice, ensuring that water is applied when it
is most needed. During the early stages of rice growth, fields may be kept flooded to suppress weeds and support
seedling establishment. As the rice plants mature, the AWD method is employed, allowing the soil to dry to the
specified depth before re-irrigation. This cycle is repeated throughout the growing season, with adjustments made
based on weather conditions, soil type, and crop needs (Carrijo et al., 2017; Cheng et al., 2022). The scheduling
must be flexible to accommodate variations in environmental conditions and to optimize water use efficiency
without compromising yield (Gao et al., 2024).

3 Case Study Region and Field Application

3.1 Xinghua, Jiangsu—AWD in a rice-wheat rotation system

In Xinghua, Jiangsu, the application of Alternate Wetting and Drying (AWD) irrigation in a rice-wheat rotation
system has shown promising results. The AWD technique is particularly beneficial in regions with water scarcity,
as it reduces water consumption while maintaining rice yields. Studies have demonstrated that AWD can decrease

water use by 25%-70% compared to traditional continuous flooding methods, without significantly impacting rice
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yield (MlIshfaq et al., 2020; artinez-Eixarch et al., 2021). This makes AWD a viable option for sustainable rice
cultivation in Jiangsu, where water resources are limited.

3.2 Guanghan, Sichuan—AWD ecological benefits in a double rice cropping system

In Guanghan, Sichuan, the implementation of AWD in a double rice cropping system has highlighted several
ecological benefits. The technique not only conserves water but also reduces methane emissions, a significant
contributor to greenhouse gases from rice fields (Malumpong et al., 2020; Martinez-Eixarch et al., 2021). The
reduction in methane emissions is particularly important in addressing climate change impacts. Additionally,
AWD has been shown to improve water productivity, making it an eco-friendly alternative to continuous flooding
(Patikorn et al., 2018; Ishfaq et al., 2020). These ecological benefits make AWD a suitable irrigation strategy for
the double rice cropping systems prevalent in Sichuan.

3.3 Comparative Insights and Practical Implications

Comparing the application of AWD in Xinghua and Guanghan reveals several insights. Both regions benefit from
reduced water usage and improved water productivity, which are crucial in areas facing water scarcity (Patikorn et
al., 2018; Wijesundara, 2024). However, the ecological benefits, such as reduced methane emissions, are more
pronounced in Guanghan due to the double cropping system (Malumpong et al., 2020). Practically, the adoption of
AWD requires careful management to ensure water levels are maintained appropriately, as variations can impact
yield and environmental benefits (Martinez-Eixarch et al., 2021; Duong et al., 2024). The successful
implementation of AWD in these regions underscores its potential as a sustainable irrigation practice that balances
water conservation with agricultural productivity.

4 Effects on Water Use and Irrigation Efficiency

4.1 Change in total irrigation volume

Alternate Wetting and Drying (AWD) irrigation significantly reduces the total volume of water used in rice
cultivation compared to continuous flooding (CF). Studies have shown that AWD can decrease irrigation water
usage by approximately 33.88% globally, highlighting its potential as a water-saving technique (Gao et al., 2024).
In Nepal, AWD plots received 57% less irrigation water than CF plots without a significant difference in yield,
indicating a substantial reduction in water use (Howell et al., 2015). Similarly, in Italy, AWD was found to require
less water from June onwards compared to continuous flooding, while still maintaining groundwater recharge
(Gilardi et al., 2023).

4.2 Field seepage and evaporation comparisons
AWD irrigation affects field seepage and evaporation differently than continuous flooding. In the Mid-South
United States, AWD did not result in decreased gross primary production (GPP), evapotranspiration (ET), or
transpiration (T), suggesting that the periodic drying associated with AWD does not negatively impact these
processes (Reavis et al., 2024). This indicates that AWD can maintain similar levels of field seepage and
evaporation as CF, while using less water overall.

4.3 Improvement in water use efficiency (WUE)

AWD irrigation has been shown to improve water use efficiency (WUE) in rice cultivation. In China, AWD
increased WUE by 25.3% to 28.9% across different rice cultivars, primarily due to enhanced root and shoot
growth and development (Chu et al., 2016). A global meta-analysis also reported that AWD enhances WUE by
20.27% and irrigation water use efficiency by 47.58% (Gao et al.,, 2024). In Bangladesh, AWD treatments
demonstrated higher WUE compared to continuous flooding, with treatment T1 achieving a WUE of 41.86
kg/ha/cm, compared to 38.64 kg/ha/cm for the control.

5 Impact on Rice Growth and Yield

5.1 Tiller number and plant height trends

Alternate Wetting and Drying (AWD) irrigation has shown varied effects on tiller number and plant height in rice
cultivation. In a study conducted in Nepal, it was observed that tillering was significantly higher under AWD
compared to continuous flooding (CF), although leaf elongation rates did not differ between treatments (Howell et
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al., 2015). Similarly, in a study from Indonesia, rice grown under AWD with water media and rice husk showed
the highest plant height and number of stems, indicating a positive impact on vegetative growth (Damanhuri et al.,
2022). These findings suggest that AWD can enhance certain growth parameters, potentially leading to more
robust plant development.

5.2 Dry matter accumulation and photosynthetic response

AWD irrigation can influence dry matter accumulation and photosynthetic efficiency in rice plants. The method
has been associated with increased root activity, which can enhance nutrient uptake and photosynthetic response
(Song et al., 2020). This is supported by findings from a meta-analysis indicating that AWD can maintain or even
improve photosynthetic efficiency under certain conditions, despite reduced water inputs (Carrijo et al., 2017).
The increased root activity under AWD may contribute to better dry matter accumulation, supporting overall plant
growth and yield.

5.3 Yield components

The impact of AWD on yield components such as panicle number, grain weight, and seed setting rate varies across
studies. In Nepal, AWD did not significantly affect yield components in one rice cultivar, while in another, a
decrease in filled grain number was offset by an increase in effective tillers per hill (Howell et al., 2015). In
Bangladesh, AWD treatments resulted in slightly lower grain yields compared to continuous flooding, but with
improved water use efficiency. In contrast, a study in Tamil Nadu, India, reported higher yields under AWD
compared to conventional methods, highlighting the potential for AWD to enhance yield components under
specific conditions. These findings indicate that while AWD can reduce water use, its effects on yield components
can vary depending on local conditions and rice varieties.

6 Environmental and Soil Health Impacts

6.1 Soil redox conditions and microbial activity

Alternate Wetting and Drying (AWD) irrigation significantly influences soil redox conditions and microbial
activity. AWD alters the soil's redox potential, which can enhance microbial diversity and activity, leading to
improved nutrient bioavailability. Studies have shown that AWD increases the total concentration and
bioavailability of essential nutrients such as nitrogen, phosphorus, and potassium by 16%-54% compared to
continuous flooding (CF) systems. This is attributed to the dynamic changes in soil moisture and redox conditions
that favor microbial processes, enhancing nutrient cycling and availability. The presence of diverse microbial
communities, including Bacillus and Pseudomonas species, is more pronounced under AWD, contributing to
better nutrient modulation and plant growth (Majumdar et al., 2023).

6.2 GHG emission dynamics (methane and nitrous oxide)

AWD irrigation has a complex impact on greenhouse gas (GHG) emissions, particularly methane (CH4) and
nitrous oxide (N20). AWD significantly reduces CHs emissions by 47%-51.6% compared to CF, due to the
intermittent drying periods that limit anaerobic conditions favorable for methanogenesis (Ishfaq et al., 2020).
However, this reduction in CHs4 is often accompanied by an increase in NoO emissions, ranging from 44% to
280%, as the aerobic conditions during drying phases promote nitrification and denitrification processes (Liao et
al., 2020; Zhao et al., 2024). Despite the increase in N>O emissions, the overall global warming potential (GWP)
is reduced under AWD due to the substantial decrease in CH4 emissions (Gao et al., 2024).

6.3 Soil structure and organic matter retention

AWD irrigation can positively affect soil structure and organic matter retention. The practice of AWD helps
maintain or even improve soil organic carbon (SOC) levels, which are crucial for soil health and structure. Studies
indicate that maintaining SOC levels above 12 g/kg is beneficial for minimizing yield losses and enhancing soil
structure under AWD conditions (Gao et al., 2024). Additionally, AWD can improve soil aggregation and porosity,
which are essential for root growth and water infiltration, thereby supporting sustainable rice production (Zhang et
al., 202). The dynamic wetting and drying cycles in AWD promote the retention of organic matter, which is vital
for long-term soil fertility and productivity.
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7 Concluding Remarks

Alternate Wetting and Drying (AWD) irrigation has been shown to significantly impact rice cultivation by
enhancing water use efficiency and reducing water consumption without substantially compromising yield.
Studies indicate that AWD can reduce water use by 19%-56% compared to conventional flooding methods, while
maintaining or slightly reducing rice yields. Additionally, AWD has been associated with a reduction in
greenhouse gas emissions, particularly methane, by up to 100% in some cases, contributing to a lower global
warming potential. However, there is a potential yield penalty, with some studies reporting a decrease in yield by
approximately 5.4% under certain conditions.

The large-scale application of AWD presents several opportunities, including improved water management and
reduced environmental impact, which are crucial in regions facing water scarcity. AWD's ability to maintain
groundwater recharge while reducing irrigation needs makes it a viable option for sustainable rice production.
However, constraints include the need for precise water management and monitoring, which can be challenging
for farmers without access to adequate resources or training. Additionally, the variability in yield response and the
potential for increased nitrous oxide emissions under certain conditions pose challenges that need to be addressed.

To optimize irrigation practices, future research should focus on developing integrated management strategies that
combine AWD with other sustainable practices, such as biochar application and optimized nutrient management,
to enhance soil health and further reduce emissions. It is also recommended to conduct long-term studies across
diverse agro-ecological zones to better understand the adaptability and long-term benefits of AWD. Policymakers
should consider supporting infrastructure development and farmer training programs to facilitate the adoption of
AWD on a larger scale, ensuring that farmers have the necessary tools and knowledge to implement this practice
effectively.
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